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@ There is an Oxweld welding rod with the 
exact performance necessary for every purpose. 
This non-fuming bronze rod is typical of the 
complete line of Oxweld welding rods. 


Oxweld No. 25 M. (Patented) 

Bronze Welding Rod 
This rod melts rapidly, flows freely, tins easily 
and solidifies quickly, combining speed with ease 
of application. It produces welds in steel plate 
with tensile strength and ductility about 40 per 
cent higher than welds made with conventional 
bronze rod under similar conditions, and the 
strength in shear is even greater. The hardness 
of welds made with this rod (96 Brinell) makes 
it unequalled for building up wearing surfaces. 
The weld metal can be remelred, permitting the 

same wearing surface to be rebuilt. 


FOR THIS 
WELDING 
ROD BOOK 


It contains a complete description of the prop- 
erties and characteristics of all important Oxweld 
welding rods and fluxes. A request on your 
letterhead or business card will bring it to you 
without obligation. An Oxweld price list will 
‘be included. 


HE quality of a weld—its strength, ductility, grain 
structure, machinability, surface finish—is largely de- 
pendent on the rod. Because of this, Oxweld research engi- 
neers have combined their skill and the latest developments 
in metallurgy to produce Oxweld No. 25 M. (Patented) 
Bronze Welding Rod—a rod with which any operator can 


improve his bronze welds. 


An exclusive formula—to which every inch of Oxweld 
No. 25 M. (Patented) Bronze Welding Rod must conform 
—insures complete elimination of fumes and loss of zinc 
during welding. This avoids the formation of blowholes 
thus giving sound, dense weld metal. It adds immeasurably 
to the comfort of the operator and permits faster welding 
without interruption. Strength and hardness are two im- 
portant characteristics of any bronze weld made with 


this rod. 


When you order Oxweld No. 25 M. (Patented) Bronze 
Welding Rod, use its full name to make sure you will get 
the better results you expect. Any Linde office will gladly 


give you complete details. They are located in 
thirty principal cities throughout the country 
and at 30 East 42nd Street, New York, N. Y. 
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Welding Low Alloy Steels in the Pressure 
Vessel Industry’ 


By E. C. CHAPMAN* 


separate class although no definite limits are recog- 

nized. The small quantities of alloying elements 
used are not sufficient to prevent the normal allotropic 
transformations of low carbon steel. They are effective 
in changing the temperature at which these transforma- 
tions take place and in retarding the rates of transforma- 
tion. This is of prime importance to purposeful harden- 
ing of steel, but is a necessary evil to the art of welding. 
These steels are known as the low pearlitic alloys. For 
comparison with some of the low alloys employed for 
identical uses, the chromium steels as high as 6% are 
included in this discussion, although above 3% these 
steels are air hardening to a high degree. The lower 
boundary for the stainless group of steels is 10% chro- 
mium, and no important alloys for pressure vessel ser- 
vice have been developed between these limits. 

The greatest use for low alloy steels has been in the 
machinery and automotive industries where advantage 
has been taken of their ready response to heat treatment 
in the development of more useful properties than can be 
realized with the ordinary carbon steels. By proper 
treatment, wear resisting properties, toughness and re- 
sistance to fatigue are greatly enhanced. Combined 
toughness and surface hardness through case hardening 
are acquired, with nickel as an important agent in pre- 
venting grain growth at carburizing temperatures. The 
pressure vessel industry has used these steels for similar 
application such as high tensile strength bolts and bolts 
for strength at high temperatures. 

The S. A. E. steels have long comprised the most widely 
known and used group of these steels. During the last 
few years the demand in the oil refinery and steam gen- 
erating industries for steels to operate at higher tempera- 
tures has led to an enormous amount of research on many 
fronts. This has led to the development of many new 
combinations. Some of these which have been developed 
for specific service will find use in other fields as soon as 
their general properties are known. Comparatively new 
alloying elements for improving some properties of the 
steel have been utilized, including silicon, titanium, 
tungsten, columbium and copper. These elements were 
not unknown in steel manufacture, but their application 
had not been developed to their present position as alloy- 
ing elements. Development has been so rapid that de- 
signing engineers are somewhat bewildered in choosing 
the most economical material for particular service. 

The position that fusion welding has assumed in pro- 
moting the adoption of low alloy steels for pressure vessel 
service cannot be over-emphasized. Welding is much 
more flexible in fabricating operations than riveting. 
Many alloys which could never with safety be used for 
riveted construction are and will be successfully welded. 


T= low alloy steels are generally considered as a 


t Presented at Fall Meeting, AMerIcAN WevpiNG Socrety, week of Septem- 
ber 30, 1935, Chicago 
* Research Engineer, The Hedges-Walsh-Weidner Company 


Heat treatment by stress relieving is essential for welded 
vessels of the low alloy steels in order to realize their su- 
perior properties. Equally, or more important, for 
welding alloy steels, the X-ray furnishes a reliable non- 
destructive test. The lack of such a test hindered the 
development of welding for many years. It is now re- 
sponsible in a great measure for the advancement shown 
in welding alloy steels. 

Much has been written concerning the development, 
practical application and methods of testing of fusion 
welding. It is assumed that the rules prescribed by the 
pressure vessel codes are generally known. It is prob- 
ably not so generally known that the 70,000 Ib. per 
square inch minimum T. S. steel, as a relatively new class 
of steel acceptable by the A.S. M. E. for fusion welding, 
is surplanting the traditional 55,000 Ib. per square inch 
steel for boiler construction where operating tempera- 
tures are not excessive. This additional strength has 
been reached by increasing the upper limits of carbon 


Fig. 1—3% Nickel Steel Welds. Ali Weld Tests and So Impact Tests. 
Impacts Made in Charpy Machine at — 300 


Fig. 2—5% Chrome, 0.5 Molybdenum. All Weld. U. T. S. 84,500. Elons. 
28°. Bend 38% 
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to 0.35 and manganese to 0.90 and no alloys have been 
added. At present this is believed to be the practical 
limit for fusion welding of carbon steel. Fusion weld- 
ing, under the scope of this discussion, is limited to the 
metallic are process. The quality of welding prescribed 
under Section U-68 of the A.S. M. E. Unfired Pressure 
Code is intended as a standard of comparison. Any 
additional allowable increase in tensile strength will un- 
doubtedly come through the use of alloys. Small 
amounts of some alloys have been found to give the addi- 
tional tensile strength necessary without a loss in ductility 
comparative to the loss sustained through the use of 
higher carbon and manganese contents. Manganese is 
itself only considered as an alloying element above ap- 
proximately 1%. The A. S. M. E. Boiler Code has al- 
ready accepted an alloy known as Cromansil steel, having 
chromium 0.30—0.60, manganese 1.05-1.40 and silicon 
0.60-0.90 for riveted construction, one class of which 
has an allowable minimum T.S. of 85,000 pounds per 
square inch, with a maximum carbon of 0.25. The de- 
velopment in welding of this steel has been rather slow, 
but is well through the experimental stage. 


Fig. 3—0.5 Molybdenum, 5% Chromium Weld. 1 Inch Plate Thickness 


Many economies are to be gained through the use of 
higher tensile strength steels and, consequently, lighter 
plates. Savings are effected in handling, forming opera- 
tions, machining, welding, drilling and freight costs. 

The optimum pressure in steam generation is yet to be 
reached, and higher pressures entail higher tempera- 
tures. Above 700° F., the tensile strength of carbon 
steel drops rapidly and creep rates increase. At 
950° F., which is the maximum temperature allowed by 
the A. S. M. E. Code for using Firebox steel, the allowable 
stress is but 36% of that allowed at 700° F. for the same 
material. Temperatures as high as 1200 degrees are de- 
sired for superheater headers and similar equipment. 

Improvements in processes in oil refinery have resulted 
in higher pressures and temperatures. Many alloy 
steels have been tried for use in seamless tubing subject 
to the combined high temperatures and corrosion attack 
in this field. The higher alloyed stainless steels were 
first used, later the 4 to 6% chromium steels were tried, 
and found more economical, and now the less expensive 
lower alloy combinations are showing good results. The 
addition of less than 1% molybdenum to any of these 
steels has markedly increased the creep strength. 

Carbon steel has likewise proved unsuitable for low 
temperature service. The impact strength drops rapidly 
below the freezing temperature and is considered unsafe 
below 0° F. Alloys are again resorted to with tremen- 
dously improved properties. Since corrosion activity 
becomes less at low temperatures and the tensile strength 
increases, ductility is the main consideration. At high 
temperatures we are not only faced with creep and loss 
in tensile strength, but increased corrosion rates, scaling, 
embrittlement and higher corrosion fatigue, depending 
on the required service. Corrosion fatigue becomes of 
‘increased importance as the temperatures become higher 


and must be considered along with the other properties 
for safe design. 

The above factors have been mentioned because any 
tests applied to plate material for such service must also 
be applied to the welded joint in order to know its effi- 
ciency and adaptability for that application. Weld 
metal is inherently different from plate material regard- 
less of the chemical analysis. The adoption of welding 
for construction in many low alloy steels must be pre- 
ceded by reliable test data for service at high tempera- 
tures. Much of this information cannot be obtained in 
short time laboratory tests. No standard methods of 
fatigue and creep testing have been evolved and corre- 
lation of results from tests made is difficult. The nu- 
merous types of weld rods and procedures necessitate 
individual tests on each for acceptance with resultant 
duplication of effort and non-comparable results. 

The practical limit of carbon for welding is determined 
by the natural quenching effect which weld metal re- 
ceives when deposited in parent metal having a reason- 
ably low temperature. The fusion zone and affected 
area are hardened and with higher carbon it has been 
found that the ductility is not restored sufficiently by 
subsequent stress relieving operations. The same limi- 
tation applies to the deposited metal except that the 
carbon limit is usually not above 0.15%. Carbon suffers 
a high loss in the electric arc through oxidation, and the 
amount recovered is difficult to predict. Normal carbon 
steel deposited metal with 0.15 carbon and manganese 
0.50 to 0.60, will have a tensile strength of from 60,000 
to 65,000 pounds per square inch with a stress relieving 
temperature of 1200° F. The stress relieving tempera- 
ture of weld metal controls the tensile strength in the 
same manner as the drawing treatment of any quenched 
steel. The effect of the addition of alloys is to make the 
steel more sensitive to the drawing temperature. Within 
limits of practical stress relieving temperatures, limited 
on the lower side by the codes at 1100° F. and on the 
upper side by danger of distorting the vessel, the tensile 
strengths of the low alloy welds can be varied consider- 
ably. 

The rather phenomenal characteristic of weld metal, 
that of its tensile strength as compared to rolled carbon 
steel plate of the same analysis, is, no doubt, materially 
aided by the fine grain and good distribution of carbon. 

For tensile strengths above 65,000 pounds per square 
inch metal alloys are being widely employed. Tensile 
strengths of 70,000 pounds per square inch may be 
reached with any number of alloying elements or com- 
binations of them. Tensile strengths above 90,000 
pounds per square inch with 20% elongation in 2 inches, 
are easily obtainable and it is not venturing too far in 
predicting 100,000 pounds per square inch with the same 
ductility in the near future. 

The question of duplicating the plate material in 
quantity of contained alloys in the weld metal depends 
on the elements involved. Some of the factors influenc- 
ing the successful welding of the low alloy steels are: 

1. Affinity of an element for oxygen in controlling the 

per cent recovered in the weld metal. 

2. The type of weld rod and the protection it offers 
for the recovery of the element. Its ability to 
give metal low in oxide and nitride contents. 

Air hardening propensity. 

Red shortness. 

Effect of the alloy on the pool of liquid metal in 
promoting the evolution of gas, effecting the vis- 
cosity or surface tension and thus preventing the 
deposit of a solid smooth bead of metal. 

Very active elements such as aluminum and titanium 
offer little chance of recovery in controlled quantities of 
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Fig. 4 (Top)}—5% Chrome. 1-Inch Plate. Fig. 7—Low Matidenen, Best. 2'/s-Inch Plate. Macro Fig. 13-—1.25% Nickel, 0.30 Chrome Steel Weld. 
M 


acro Sample ple 
Fig. 10 (Bottom)}—Cromansi! Steel Weld. 
Macro Sample 


any amount. The use of gas for complete protection 
from the air and special fluxing materials are necessary 
to control these alloys. They are with difficulty con- 
trolled in the electric furnace. Titanium has been found 
beneficial in reducing the air hardness of the chromium 
steels and is so employed in plate material. Columbium, 


Fig. 5—Low Molybdenum Steel. 2'/:-Inch Plate. All Weld. Y. P. 52,500. 
U. T. S. 70,500. Elong. 32°%. Bend Elongation 43% 


Fig. 6—Low Carbon Molybdenum Weld in 2'/:-Inch Silicon Killed Plate 


Macro Sample. 2'/2-Inch Plate 


considerably less active, is used in deposited metal for 
the same purpose. Several new low aluminum alloys 
have been developed, but the writer is not aware that 
they are as yet being used for pressure vessels of welded 
construction. 

Silicon is another element easily oxidized and hard to 
control in alloying per cents. Silicon might only be 
considered as an alloy above 0.30. Most of the new 
high temperature steels are utilizing it in amounts less 
than 1% because of its power for furnishing oxidation 
resistance. The introduction of this element is in the 
experimental stage. 

It is indeed fortunate for welding progress that alloy- 
ing elements of the more important group lend them- 
selves more readily to welding. Low alloy steels con- 
taining nickel, molybdenum, chromium and vanadium 
are readily welded. Copper, as yet not so important, 
is being used in several new types of alloy steels which 
are weldable. Most of the S. A. E. steels have been 
developed with the four above-mentioned elements as 
alloys. Most of the comparatively new low alloy steels 
utilize them separately or in various combinations as 
their most important alloying constituents, for low or 
high temperature service. 
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Fig. 8—Cromansil Steel 1-inch Plate. All Weld. Y. P. 72,000. U. T. S. 
88,000. Elong. 24%. Transverse Tension 86,500. Bend Elongation 38%. 


Welded pressure vessels of 3% nickel steel are in suc- 
cessful operation at —300° F., the temperature of boil- 
ing liquid air. At this temperature the charpy notched 
specimen of this material has an impact value of only 
5 or 6 foot-pounds, but operation has been continuously 
satisfactory. Figure 1 shows tension tests in this weld 
metal, which gave more than 30% elongation. The 
cylindrical impact tests were bent in a charpy impact 
test machine at —300° F. Excellent impact values of 
above 30 foot-pounds are had at —100° F. The oxida- 
tion resistance of nickel is well known, and it is deposited 
in weld metal with no appreciable loss. Because of a 
tendency toward red shortness, steels above 3% are 
difficult to weld with the same per cent in the weld metal. 
Below 3% this trouble is not encountered. Nickel dis- 
solves in ferrite in all proportions to form solid solutions. 
It functions in strengthening the ferrite, increasing the 
impact value at all temperatures and adds to the corro- 
sion resistance against some mediums. 

One of the most important low chromium steels to 
come into service lately has been the 5% range. It is 
being utilized for seamless tubing in oil refinery service 
and for superheater headers in steam generation units. 
Above 3% chromium the oxidation resistance is greatly 
increased, as well as the creep strength. It is above 
this per cent that these steels become intensely air hard- 
ening. This range of chromium is successfully welded. 
This material is relatively soft above 300° F. and by 
preheating above that temperature welding troubles 
are minimized. If possible, the vessel should not be 
allowed to cool before putting in the annealing furnace. 
If heated to 1400 degrees and preferably 1550 and fur- 
nace cooled, the Brinell hardness can be dropped from 
above 300 to below 200. Figure 2 shows physical tests 
of a weld in 5% chromium, 0.5% molybdenum plate 
| inch thick, the deposited metal having the same 
analysis. The results of these tests were ultimate tensile 
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strength 84,500 Ib./square inch and 28% elongation in 
2 inches in the all-weld metal test, and 38% elongation 
in the outer fibers of the bend test. Figure 3 shows the 
reproduced X-ray negative of this weld. Figure 4 
shows an etched macro sample of this weld. 

Molybdenum in the low alloy steels is used in amounts 
less than 1%. This seems to be the economical limit 
for this alloy as further additions do not give propor- 
tional results. The addition of 0.50% molybdenum 
will increase the tensile strength of carbon steel weld 
metal approximately 8000 Ib./square inch, with the same 
stress relieving treatment. Figure 5 shows the physical 
test samples from a weld of this analysis as made in 2'/,- 
in. silicon killed steel plate of 70,000 Ib./square inch 
ultimate T. S. This weld metal had a yield-point 
strength of 52,500 Ib./square inch, ultimate T. S. of 
70,000 Ib./square inch with 32% elongation in 2 in. 
The bend test had 43% elongation in the outer fibers. 
Figure 6 shows the X-ray picture of this weld. Figure 7 
shows the etched macro sample of this weld. Molyb- 
denum increases the impact value and aids in corrosion 
against some acids. Low molybdenum contents are 
being used in copper bearing steels for increased resis- 
tance to atmospheric corrosion and sulphuric acid. The 
low alloy steels, being tried out for replacement of the 
5% chromium, 0.5% molybdenum steels for high tem- 
perature service, all contain molybdenum, usually as 
0.5%. These steels contain chromium contents rang- 
ing from 2.5% downward. In these steels molybdenum 
has been found to be the most powerful alloy for increas- 
ing the creep strength. The low chrome molybdenum 
steels are proving economical for high temperature 
service, which will bring a demand for their use in other 
fields. Below 3% the air hardening quality of chro- 
mium rapidly drops, which is advantageous for welding. 
Chromium as a carbide forming element is often used in 
conjunction with nickel or molybdenum in per cents less 
than 1, since both of the latter elements are considered as 
ferrite strengthening elements. Molybdenum is, how- 
ever, also credited with the formation of carbides to some 
extent. 

The use of molybdenum in the low alloy steels has 
increased tremendously in the last few years. Its ex 
ceptionally good welding properties have without a 
doubt helped its popularity. It is oxidized with diffi- 
culty and its use in the electric arc is efficient, with ac 
curate recovery. It also has a beneficial action on the 
welding arc. 

Figure 8 shows the physical test samples on a weld 
containing 1% nickel, 0.75% molybdenum and 0.25% 
chromium. This weld was made in Cromansil steel 
plate of 1 in. thickness and stress relieved at 1150° F. 


The results were ultimate T. S. 88,000 Ib./square inch, 
76 


rt 


Fig. 9—Cromansi! Steel Weld 1-Inch Plate 
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1—0.30 Chrome, 1.25 Nickel Weld. 2'/2-Inch Plate. All Weld. 
Bend 71%. Elongation in Outer 


P. 50,000. U. T. S. 71,000 


yield point 72,000 Ib./square inch and 24% elongation in 
2 in. in the all-weld metal test, and for the bend test 38% 
elongation in the outer fibers. Figure 9 shows the X- 
ray picture of this weld. Figure 10 shows the etched 
macro sample of this weld. 

Figure 11 shows the physical test samples on a weld 
2'/--in. plate containing 0.30% chromium and 1.25% 
nickel. The physical tests on this weld gave yield point 
50,000 Ib./square inch, ultimate T. S. 71,000 Ib./square 
inch, elongation 36% in 2 in. in the all-weld metal test, 
and the bend test 21% in the outer fibers. Figure 12 
shows the X-ray picture of this weld. Figure 13 shows 
the etched macro sample of this weld. The fine grain 
structure with complete absence of unrefined layers is 
to be especially noted in these welds. 

Vanadium is used in small per cents in weld metal for 
added strength. It has a comparatively poor efficiency 
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of recovery being oxidized rather easily. Because of its 
expense it is not used as much as molybdenum. It is a 
more powerful hardening and strengthening agent than 
molybdenum and adds impact value to the steel. Vana- 
dium also increases the impact values at low tempera- 
tures though not to the extent that nickel does. 
Figure 14 shows the all-weld metal test in a low 
molybdenum-vanadium steel weld, which gave 20% 
elongation in 2 in. and 100,000 lb./square inch. Such 
results could not be expected consistently at present. 
Alloys are introduced to the weld metal both by 
means of the weld rod or the coating material. Clean 
metal, low in oxides and nitrides is of paramount im- 


Fig. 14—Low Molybdenum-Vanadium Steel. Ult. T. S. 100,000 Pounds/Square 
Inch. Elong. 20% in 2 Inches 


portance in welding the higher strength steels. Cleanli- 
ness of metal is the best insurance against cracks. The 
development of the low alloys and the welding of the 
same, demands a knowledge of the metallurgical ten- 
dencies of the various alloys and the benefits to be gained 
from each. Troubles from porosity of cracking must 
be traced back to the cause for complete elimination. 

We are in the infancy of alloy steel welding, but with 
the results already obtained, we have bright hopes for 
the future. 


Fig. 12—Low Chrome-Nickel Weld in 2'/:-Inch Plate. 1.25% Nickel, 0.30% Chrome 
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Introduction 


lem of building a blanking die, it always should 

be his desire to incorporate long life, quality, 
simplicity, safety and economy of manufacture in the 
construction, and yet provide for salvage value in the 
event of change in design or obsolescence. Attempts in 
the past to produce dies having these advantages have 
not been successful in including all of the foregoing. 
After years of development and experiment, our com- 
pany has perfected a process of manufacturing composite 
punches and dies which embody these valuable charac- 
teristics to a greater degree than heretofore has been 
possible. Our method is based primarily on the ease 
and accuracy with which shapes in machine and tool 
steel may be cut by oxyacetylene machine, so that they 
can be nested and welded together without expensive 
fitting. 


Wiis the die builder is confronted with the prob- 


Construction 


The construction of these fabricated composite punches 
and dies is illustrated in Fig. 1. You will note that the 
die may be of any shape and practically any size to suit 
the requirements. The inner section of the die and outer 
section of the punch both have rectangular bar cross 
sections and are cut from tool steel plate by oxyacetylene 
cutting machine. The outer section of the die and inner 
section of the punch are of machine steel, also cut out 
with the machine torch. Oxygraphs are used for this 
work in our shop. 


+ Presented at Fall Meeting, AMERICAN WeLDING Society, Chicago, week 
of September 30, 1935. 
* President, Superior Steel Products Corp. 


ait ONE PIECE MACHINE STEEL 
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SECTION THRU PUNCH 
| \ TION THRU PUNCH / 
Fis. 1—Drawing Wlustrating Construction of Fabricated Composite Punch and Die 
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Fabricated Composite Dies’ 


By K. JANISZEWSKI* 


Fig. 2—Cutting Too! Stee! Section of Die with Oxyacetylene Flame Cutting Machine 


Figure 2 illustrates cutting of inner tool steel section of 
a fabricated composite die with oxyacetylene cutting 
machine. It will be noted that the operator guides the 
hand tracing device around the outline drawing placed 
on the work table. The machine cutting torch, mounted 
on the same bar as the tracing device, describes a motion 
identical with that of the latter, thus cutting out the 
desired shape. A variable speed motor drives the trac- 
ing device, permitting correct adjustment of cutting 
speed to suit any thickness being cut. 

The thicknesses of tool steel and machine steel used in 
the die and punch are determined by the thickness of 
the stock to be blanked and the number of pieces re- 
quired. The punch may be made with a solid center or 
with an opening in the machine steel, whichever is best 
suited to the need. 

The die is assembled by inserting the tool steel ring or 
strip through the machine steel supporting member and 
fabrication completed by welding them together all 
around. The tool steel ring or strip for the punch is 
placed around the machine steel supporting center and 
welded in a similar manner. Note particularly the en- 
larged view for the welding shown in Section B of the 
illustration. The welding extends through the entire 
thickness of the machine steel, forming a homogeneous 
unit of both machine steel and tool steel which is inde- 
structible. 

Actually, these composite dies and punches constitute 
an adaptation of the use of the most modern arts of first 
cutting dissimilar steels with the oxyacetylene torch 
and then joining them by means of welding to produce a 
complete fabricated composite unit. The use of the 
machine cutting torch makes possible cutting closely to 
the required shape, with but approximately '/s-inch 
stock allowed where finish is required. 

A typical example of a composite die and punch is 
shown in Fig. 3. 

The punch is as it appears before the finishing 
operation. The die is as it appears after the roughing 
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Fig. 3—Typical Fabricated Composite Punch and Die 


cut has been made, ready for fitting to the blank size. 
They are designed for blanking °/3-inch thick stock. 


Machining 


Both punch and die are furnished annealed and with 
all surfaces ground flat. Layout can be made quickly 
from a template or blue-print and machining started at 
once. Because of the allowance of but approximately 
'/, inch, the machining operation is a fast and economical 
one. Naturally many hours of time are saved as com- 
pared with drilling or otherwise cutting the die and 
punch from a solid block of tool steel. 


Hardening 


After machining to the proper size, both the fabricated 
composite punch and die are hardened in the regular way. 
This procedure hardens the tool steel sections, but the 
machine steel supporting members remain relatively 
soft. The tool steel used for these dies and punches is 
known as carbon vanadium tool steel. It hardens in 
water at 1450° F. and produces an extremely hard cut- 
ting edge (about 62 Rockwell C scale). A temperature 
of as much as 100° F. overheat still will produce a fine 
grain structure in this tool steel and a hard die. This 
makes it unnecessary to depend on the extreme accuracy 
of calibrated pyrometers in hardening. The amount of 
shrinkage can be closely estimated, it being virtually 
uniform at 0.001 inch per linear inch of size. 


Distortion 


As is commonly known, tool steel has a tendency to 
change its shape or distort during hardening. In a solid 
tool steel die, these changes may be corrected only by 
grinding, if at all. To anticipate this a greater amount 
of stock consequently must be allowed in providing for 
the change or distortion. 

In the fabricated composite die, the distortion which 
may occur during the hardening process can be corrected 
with relative ease by squeezing or stretching without 
damaging it, thereby restoring the proper shape and size. 
Sharp corners need no longer be feared where fabricated 


November 


composite dies are used. With the latter there is no 
danger that the die will be cracked in hardening, as the 
tool steel is reinforced and held by the machine stee] 
supports surrounding it and welded to it. The same 
refers to fabricated composite punches. 


Mounting 


As the illustration shows, drilling for mounting screws 
and dowels in both die and punch is usually located in 
the machine steel section of the composite construction. 
As the machine steel remains soft this work may be done 
after the die and punch have been hardened and finished, 
This eliminates the inconvenience of locating these holes, 
as with a solid tool steel die. The necessity of lapping 
dowel holes to be assured of a good fit is avoided. Fur- 
thermore, the screw holes may be drilled in either the die 
shoe or the composite, whichever is most suitable. 


Alteration 


When the engineering department of a company ef- 
fects a change in the product, the outcome frequently is 
that one or more new dies will be required. Sometimes 
existing dies can be altered to suit. However, if these 
are of the solid tool steel type they must be reworked 
and rehardened, usually resulting in an inefficient and 
unsatisfactory die. On the other hand if the dies are of 
fabricated composite construction, the die maker can 
remove any section of them without annealing, fit a re- 
designed section and secure it in place with screws and 
dowels in a short space of time. Thus the alteration may 
be made retaining the original quality of the fabricated 
composite die at a minimum of cost. 


Obsolescence 


In the case of obsolescence, solid tool steel dies are 
either scrapped entirely or stripped down and as much 
of the tool steel saved as appears warranted. Whether 
or not an actual saving can be effected is in most cases 
doubtful. 

Fabricated composite dies which have become obso- 
lete, however, often can be cut apart and the usable 
sections remounted without annealing on a new die shoe, 
together with some new or other salvaged sections to 
form a satisfactory new die. This practice effects con- 
siderable savings in material. In addition, an even 
greater amount is saved because less labor is required to 
convert the obsolete composite die sections into a new 
die, retaining at the same time the original quality. More 
than this, when mounting these obsolete sections, new 
screw holes may be drilled in either the die shoe or com- 
posite in order to avoid old holes which otherwise would 
cause interference. Thus the possible salvage of the old 
die shoe is effected also. 


Forming Dies 


While the greatest application of these fabricated 
composites is found in blanking dies, there are many 
forming operations also for which they are ideally suited, 
not only from the standpoint of simplicity but due to 
their inexpensiveness as well. These cases come to light 
with greater frequency as users become more familiar 
with the fabricated composite dies and the large savings 
in material and labor costs effected in building them, as 
compared with other types. 
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Spring Cover Blanking Die 


Figure 4 illustrates another type of fabricated com- 
posite die and punch for blanking automobile spring 
covers, shown at the top of the picture. 

It will be noted that this die is considerably larger 
and more complicated than the one previously described. 
Indeed fabricated composite dies of almost any size and 
intricacy desired can be constructed. They are, if any- 
thing, less subject to limitations than other types. 


Fig. 4—Fabricated Composite Punch and Die for Automobile Spring Cover 


Close inspection of this die will reveal that the tool 
steel insert does not go all the way to the bottom of the 
3-inch thick machine steel supporting member, but fits 
into a recess in the latter and is fillet welded to it all the 
way around. This indicates further possibilities of the 
fabricated composite type of construction when good 
engineering practice indicates a departure from the 
method shown previously. 


Conclusion 


In conclusion, the principal advantages of fabricated 
composite punches and dies may be summarized as 
follows: 

1. Fabricated composites save from 30 to 50 per 
cent in the net cost of building. 

2. The consumer pays for less material as he does not 
buy holes or excess material because of odd shapes. 

3. Highest quality punches and dies are obtained 
at lowest cost. 

4. Practically anything required in shape or size can 
be secured. 

5. Shipments of fabricated composites usually are 
made from the factory the second day after receipt of 
order. Small sized fabricated composites are shipped 
the next day after order is received. 

6. A minimum of machining hours are required to 
finish composite punches and dies, because of their 
closely cut shape. 

7. The element of risk is eliminated in the hardening 
process, as it is practically impossible to crack composites. 

8. Distortion can be corrected without expensive 
grinding. 

9. Composite die cutting edges are harder, because 
of the use of high grade water-hardening tool steel. 

10. Any thickness of material that can be blanked 
with solid tool steel dies can be blanked with composite 
dies also. 

11. Fabricated composites can be altered as required 
without rehardening. 

12. Fabricated composites can be salvaged at lower 
cost. 


Discussion of Paper by 
A. E. Gibson on “The 


Development and Use of 


Low Alloy High 


Tensile Steels” 


By R. A. BULL? 


1, Mr. Gibson’s paper is a valuable contribution to 
the literature on welding fabrication. In the closing 


‘ Published in the Sept. 1935 issue of the A. W. S. JOURNAL. 
Consultant on Steel Castings, 541 Diversey Parkway, Chicago. (Assoc. 
Member, A. W. S.) 


paragraphs the author has mentioned the spirit of co- 
operation that now actuates steel makers and welding 
fabricators. Obviously this is indispensable to the best 
progress obtainable in each of these branches of industry. 
And it is primarily for the purpose of stimulating such 
progress that I am prompted to make some comments 
resulting from experience in steel casting manufacture. 

2. Such experience, if extended, necessarily includes 
a fair knowledge of the developments in the welding art, 
because these developments are of direct and indirect 
concern to the man who makes steel castings. While he 
is, of course, vitally interested in the available oppor- 
tunities for the weld-repair of casting defects, during 
recent years he has been alert to the increasing oppor- 
tunities for making structures by welding wrought steel 
members to cast steel parts. The two factors mentioned 
provide very good reasons for welders and steel founders 
to maintain a helpful attitude toward each other. The 
desired cooperation will be most effective when the exist- 
ing situations in both of these branches of industry are 
correctly understood and frankly recognized by all con- 
cerned. 

3. Mr. Gibson refers to heavy duty dredging clam 
shell buckets made by his company. He explains that 
until recently these buckets have been a combination of 
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steel castings and low carbon rolled plate; that the ser- 
vice is severe; and that when alloy steel castings were 
used there was considerable breakage. The author 
states that the effort to prevent breakage prompted 
changes in design whereby steel castings for the highly 
stressed parts were eliminated in favor of welded con- 
struction employing low alloy steels. 

4. Mr. Gibson’s stated reasons for the ability to 

guarantee the performance of the last named construc- 
tion relate solely to the highly important matter of good 
metallurgical design. Those dependent for information 
only on the circumstances described in the paper should 
not conclude that the bucket castings were less satis- 
factory than could have been expected from the design. 
No one who is very familiar with the products of both 
industrial arts concerned would be apt to affirm that a 
welded steel joint inherently is capable of giving better 
service than can be expected of the same amount of metal 
similarly distributed, forming portion of a steel casting. 
And no one who knows much about both of these indus- 
trial arts will minimize the importance of good design 
for the product of either art. 
5. Mr. Gibson has performed a service for those who 
make steel castings, by emphasizing dependence on 
proper design for stress resistance. He has mentioned 
experiments with polarized light which show the stress 
concentrations that occur as the result of design, in 
models representing steel shapes. No foundryman will 
deny the statement that “this is one of the conditions 
met with in castings having unequal metal in adjoining 
sections."’ Such inequalities may result not only in 
shrinks, as stated by Mr. Gibson, but in some other diffi- 
culties that do not take the form of a readily visible 
shrinkage cavity or shrinkage crack. But when it is 
stated that the difficulties were overcome ‘‘in welded low 
alloy steel construction by complete penetration of the 
welds and in normalizing the completed welded detail,”’ 
the foundryman wonders whether the breakages could 
not also have been prevented while attaining all objec- 
tives in respect to weight, by redesigning the steel cast- 
ings. This may or may not have been advisable from 
the standpoint of production cost. Of course that is a 
factor to be separately determined in each case. 

6. There is no disputing the evils resulting from radi- 
cal differences in cross section of a steel casting when the 
changes in thickness are very abrupt, or when very thick 
portions of cast members are isolated and thereby pre- 
vented (as they sometimes are as the result of position) 
from being fed properly during solidification. Abrupt 
changes in cross section are highly undesirable for a part 
that is to be severely stressed, made from any kind of 
metal, formed by any method; in other words, whether 
it be cast, forged, rolled or welded. Anything approach- 
ing a sharp corner in any kind of high stressed metal part 
should be regarded as an abomination. One needs but 
to study many reports published over the signatures of 
competent metallurgists to realize this fact. 

7. It would be inconsistent with present-day casting 
performance for the product of the foundry to be re- 
garded as inherently unsound. The thoroughly satis- 
factory use of more than a million automobiles equipped 
with cast steel crankshafts during the last two years 
presents one of many examples showing what today can 
be expected, when foundry practice is skilfully estab- 
lished and controlled, and when the casting is properly 
designed. The drawing board is the place where work 
should begin, when one attempts to make any kind of 
metal part intended for exacting service. Because of the 
innumerable kinds of steel castings used in industry, 
their designs are vastly more varied and complex than 
those of merchant steel shapes. But the fundamental 
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factors of good casting design may be kept in mind with- 
out great difficulty. Application of these principles can 
frequently be made to the best advantage for the indi- 
vidual part by consultation between the designer and 
the foundryman. 

8. Probably it was farthest from Mr. Gibson's in- 
tention to have his explanations construed unfairly to the 
steel casting. The author’s unsatisfactory experience 
with such material may have been partly due to poor 
foundry practice entirely unassociated with defective 
design. In that case I hope the author will appreciate 
the fact that there are good and bad castings and weld- 
ings, and that the information in the interesting paper 
was such as to justify these comments by one who 
thinks he views the achievements of the welding engineer 
and the steel founder without prejudice toward each 
class. 


Comments on Mr. R. A. Bull’s Discussion 
of Mr. Gibson's Paper 


By A. E. GIBSON 


AM pleased to have the discussion presented by Mr. 
| Bull. Had time been available, I could have spoken 

at length of the combination of steel castings and 
rolled plate welded together into highly satisfactory 
structures at much lower manufacturing cost than would 
be possible using expensive forged or gas cut parts. 

After all, the continued use of any fabricating method 
will depend upon its life, its satisfactory performance and 
its cost. No welding fabricator is blind to the fact that 
there will always be need for iron and steel castings. No 
welding fabricator is going to penalize himself, especially 
in these days of keen competition, by trying to replace 
satisfactory serviceable castings by welded construction 
at higher cost. 

Having had many years’ experience in operating both 
iron and steel foundries, I have a world of sympathy for 
the foundryman who is forced to try to make satisfactory 
castings of almost impossible designs. In our work, we 
frequently consult our foundry connections in making 
detail designs, and their suggestions often prove of great 
benefit in eliminating what might otherwise result in 
costly replacements. 

Mr. Bull’s comments on our substitution of low alloy, 
high tensile welded parts for steel castings and his state- 
ment that the difficulty might lie in improper design or 
individual foundry lack of control of procedure, could, 
of course, be possible. 

In the particular design referred to, it is impossible to 
avoid abrupt changes and unequal metal in adjoining 
sections. Perhaps, were we to require these parts by 
the thousands, as Mr. Bull mentions in connection with 
the automotive industry, the foundry would eventually 
acquire sufficient skill and knowledge, through a process 
of elimination, to produce perfectly satisfactory castings. 
Unfortunately, the market for this type of equipment is 
limited, and each bucket is built as a special order, gen- 
erally requiring new detail drawings. 

Perhaps we could find a source of supply capable of 
satisfactorily producing these castings and be sure that 
every one would be free from defects, but the fact re- 
mains that half a dozen leading foundries have not been 
able to perform 100%, and we have never had a failure 
in our welded low alloy design. The trade has been 
willing to pay the extra cost for a design which we can 
guarantee, and we cannot overlook the commercial ad 
vantages this gives us. 
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Electrical Characteristics the 


Welding Arc 


By S. C. OSBORNEt 


in the arc have taken certain characteristics of the 

source of electrical energy (be it a generator or a 
transformer) and described their effect on the perform- 
ance of the arc. In this paper we propose to examine the 
arc in order to determine the requirements for optimum 
are performance. 

The electric arc is a form of gaseous conduction of 
electricity. It is not self-starting since if it is extin- 
guished even for an instant, conduction ceases and must 
be re-established. Thus it is an extremely unstable, 
natura! phenomenon which ordinarily is self-destructive. 
Several factors are essential to its continuity: an ion- 
ized gaseous medium, an electrostatic field, a cathode 
spot and means for feeding the electrodes to maintain 
the distance between them constant within reasonable 
limits. 

The most striking feature of an arc is the terrific con- 
centration of energy, for instance, with a quarter-inch 
electrode approximately ten kilowatts or thirteen horse- 
power is concentrated in a volume the size of a lead pen- 
cil eraser. This is, of course, the reason for its great 
use in fusion processes such as welding. We must, how- 
ever, consider fusion and the transfer of material from 
the electrode to the work as subsidiary to conduction. 


Voltage Distribution 


Studies of the voltage distribution in the arc indicate 
that the voltage gradient varies considerably, there being 
an infinitesimally thin layer at the surface of the cathode 
and at the surface of the anode in which the voltage gradi- 
ent is very much higher than throughout the rest of the 
are stream. Known as the ‘“‘cathode’’ and ‘‘anode”’ 
voltage drops, these gradients remain practically con- 
stant independent of the current or the are length. 
Some observers have reported them as varying inversely 
with the current; however, this variation is extremely 
small. The voltage across the arc stream proper varies 
with the are length, but the voltage gradient in the arc 
stream is independent of the arc length. Steinmetz gave 
the following formula for the voltage across the arc: 


(A) e=a 4 + d) 


I’ THE past most discussions of transient conditions 


More recent investigators have suggested the use of 
the exponential constant “‘n’’ instead of the square root of 
1. Thus the formula would be written 


or (C) e=a+-—(+d) 


* Paper presented at Fall Meeting, American Wetprnc Society, Oct 
1935, Chicago, Ill. 
' Wilson Welder & Metals Co., Inc. 


In this formula ‘“‘e’’ represents the total voltage across 


the arc; ‘‘a’’ is the terminal voltage or the sum of the 


is the voltage gradient in 


anode and cathode drops; 


cco? 


the arc stream; “2 is the current; ‘‘c’”’ is a constant 
depending on the gas pressure; ‘‘/’’ is the linear length 
of the arc; ‘‘d’’ a constant which probably represents the 
cooling effect of the electrodes. The exponential con- 
stant ‘‘n’’ is apparently governed by the temperature of 
the anode. At least if the values of ‘‘n’’ as experi- 
mentally determined are plotted against the boiling point 
of the anode material, a linear relationship results. 

Quoting K. K. Darrow—‘‘These facts suggest that 
the arc tends so to adjust itself that its anode boils or 
else what seems a priori more plausible—that it gener- 
ates heat so rapidly at the anode that the electrode would 
speedily be raised to unheard of temperatures if it did 
not boil and so arrest the rise. If this is right the fac- 
tor determining ‘‘n’’ may be the temperature of the anode 
in the fact of its boiling.”’ 

Thus there are three well defined voltage zones in the 
arc, the terminal voltage drops at the cathode and anode, 
and the are stream voltage. These zones are also well 
defined thermally since the heat dissipated in each zone 
is proportional to the voltage. 


lonization 


A brief description of ionization and thermionic emis- 
sion seems advisable before considering these three 
zones in more detail. We are told that an atom consists 
of a closely knit positively charged nucleus about which 
are grouped a number of more or less loosely held elec- 
trons. Under certain conditions some of these elec- 
trons, which apparently are located outside of the posi- 
tive nucleus and bonded to it in some manner, can be 
separated from the positive nucleus. Ionization is the 
process of removing one or more electrons from the other- 
wise neutral atom. The electrons are, of course, nega 
tively charged and their numbers sufficient to balance 
the positive charge of the nucleus. The “‘ion’’ is an atom 
fragment less one or more electrons. It carries a posi- 
tive charge since some of the balancing negative elec- 
trons have been removed. The mass of the electron is 
extremely small compared to its charge. It can, there- 
fore, attain extremely high velocities under the influence 
of the electrostatic field. The ion, however, has a 
relatively large mass compared to its charge and thus 
moves through the electrostatic field at much lower veloci 
ties than the electron. 

If an electron moving at sufficiently high velocity 
strikes or comes very near to one or more of the outer 
electrons of an atom the repulsive forces between them 
may be such as to detach the electron from the atom, 
causing it to move through space as a free electron and 
leaving the atom fragment minus one or more electrons. 


If, of course, the velocity of the free electron is below the 
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critical value, its collision with the atom will be elastic 
and no ionization takes place. This critical velocity is 
referred to in terms of the potential through which the 
electron must fall in order to acquire the critical velocity 
known as the “ionizing potential.’’ Since the potential 
is distributed over the length of the electrostatic field, 
space must also be considered. Thus the ionizing poten- 
tial is usually given as the potential gradient (or volt- 
age per unit length of path). It varies with different 
materials, decreases with increase in temperature and 
increases with increase in pressure. 
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millimeter of air) a pale violet light appears at the sur- 
face of the electrode, known as “‘electrostatic corona.’’ 
In the regions where corona appears, the air has become 
ionized because the potential gradient is above the criti- 
cal value for ionization. The voltage gradient may not 
be uniform all the way across the space between the 
electrodes due to the shape of the electrostatic field, 
and thus the ionized regions may not be sufficiently 
thick to bridge the whole gap between the electrodes, in 
which case there would be no discharge. However, if 
there is a slight increase in voltage, or a slight decrease 
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The process of ionization absorbs energy which goes to 
increase the kinetic energy of the electron and the ion 
thus separated. Jons and electrons may recombine to 
form neutral atoms. As the electrons enter the atoms 
and settle down into fixed orbits, energy is radiated 
in the form of light. This radiation may help ioniza- 
tion as it may be absorbed by other atoms, causing their 
electrons to move into orbits from which they are more 
easily displaced. 

Ionization can be brought about in several ways. If 
the electrostatic flux density or the potential gradient is 
sufficiently great between two electrodes (3000 volts per 


in the distance between the electrodes so that the voltage 
gradient is increased, the whole of the gap will break 
down and a spark jumps between the electrodes. This 
spark will not be continuous unless the voltage gradient 
is maintained. If, however, the voltage gradient never 
drops below the critical value, an are will be formed and 
the gaseous medium maintained in the conducting cor- 
ditions. 


Thermionic Emission 


Most electrical conductors when heated to incandes- 
cence give off free electrons by ‘“‘thermionic emission.” 
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As the material is heated, the kinetic energy of the free 
electrons in the material is increased until a point is 
reached when some of them have sufficient energy to es- 
cape from the surface. Once they have escaped they 
may again strike the surface and be recaptured, or they 
may be drawn away by some positively charged body. 
If these electrons are emitted into an electrostatic field 
(positive with respect to the body from which they were 
emitted) they may attain sufficiently high velocities 
to bring about ionization of the gaseous medium as de- 
scribed above. 


Cathode Spot 


Now let us consider the three are zones in more detail. 
The mechanism of the cathode spot is not clearly under- 
stood; however, a few points are quite definitely estab- 
lished. Are conduction depends upon the formation of 
the cathode spot. The electron emission is enormous 
and, as shown by Compton, the current may be carried 
almost entirely by electrons arising at the cathode. A 
current of one ampere requires a flow of about 1.6 X 
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required and as the cathode drop is generally less than 
5 volts, the space-charge film covering the cathode spot 
would be roughly */10,00 of a millimeter thick. It is 
readily apparent why this spot does not start of its own 
accord. If any ordinary potential were placed on two 
electrodes, it would distribute itself more or less uni- 
formly over the space between them, and no gradient 
of the required amount would even be approached. 
The high gradient over the short distance is the peculiar 
characteristic connected with the cathode spot and al- 
lows it to emit the electrons under circumstances which 
tend to maintain the gradient; that is, the pressure of 
the electrode vapor immediately over the spot is quite 
high and the electrons go only a very short distance be- 
fore producing positive ions which supply the positive- 
ion space charge necessary for the existence of the high 
gradient. 

An arc is not easily established in a vacuum and the 
electrode material must first be vaporized so that ions 
are available to produce the high voltage gradient. As 
shown by Doan and Myer the presence of an inert gas 
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10° electrons per second. Being negative the cathode is 
continuously bombarded by positive ions so that its 
surface is raised to a high temperature. Thus thermionic 
emission takes place, but if we consider that the tempera- 
ture of the cathode is limited to the boiling point of the 
electrode material at atmospheric pressure, thermionic 
emission, alone, cannot explain the cathode spot. For 
instance, the current density in the cathode spot is about 
4000 amperes per sq. cm. while in a vacuum tube the 
electron current is seldom as much as 10 amperes per 
sq. cm. of filament. There is evidence that a high pres- 
sure exists over the cathode spot, since if the cathode is 
liquid its surface is depressed. This may also indicate 
a much higher temperature in the vapor at this point. 
Langmuir has suggested a theory of the cathode spot 
wherein the positive ions attracted to the cathode are 
so numerous that the resulting space-charge layer is 
very thin, and an enormous potential gradient is set up 
at the electrode surface which draws the electrons out by 
a cold cathode effect suggested by Schottky. A gradi- 
ent of the order of. millions of volts per centimeter is 


such as argon makes are conduction difficult, but the 
arc is quite easily established in more chemically active 
gases such as air. At any rate energy must be expended 
to establish the cathode spot whether electrode vapor is 
present or not. As shown by the oscillograph, this 
energy generally comes from a voltage surge just as the 
arc is established (see Figs. 1, 2,3 and 4). For conveni- 
ence we will call this the ignition voltage. Since the arc 
is not self-starting the cathode spot must be re-estab- 
lished after each interruption whether it be due to a 
short circuit, caused by a globule of metal crossing the 
are or to a reversal of current as when A.C. current is 
used. If the residual gases are at a high temperature, 
the arc is more easily re-established. Thus, since these 
gases start to cool as soon as the arc is broken the faster 
the voltage rises the lower the ignition voltage required. 

As has been pointed out, the vapor pressure directly 
ovér the cathode spot causes a depression of the molten 
surface of the electrode at this point. The spot, how- 
ever, does not stay in the bottom of the depression but 
climbs up the side, whereupon the pressure is applied to 
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the new point and the spot moves swiftly across the 
surface of the electrode with many erratic changes in 
direction. This results in instability unless the current 
density in the electrode is high enough so that the cathode 
spot covers most of the molten surface. 


Arc Stream 


To set forth what takes place in the arc stream we can- 
not do better than quote Prince and Vodges’ description 
of the mercury are stream. ‘‘The main portion of the 
path taken by the current in passing between the cathode 
and anode is through ionized vapor of somewhat uni- 
form nature. This vapor contains electrons, positive 
ions, neutral molecules and negative ions (formed by 
electrons attaching themselves to neutral molecules). 
All the particles of the vapor have a random motion. 
Beside their random velocities the electrons will have a 
general drift velocity toward the anodes, while the posi- 
tive ions will move toward the cathode. 

The drift velocities are small compared with the veloci- 
ties of random motion. The most interesting of them, 
of course, is the drift motion of the electrons on which the 
conduction of the current depends, the motion of the 
positive ions being quite small in comparison. (The 
electron moves about 600 times as fast as the positive 
ion.) Throughout the ionized vapor there will be ex- 
cited atoms, that is, atoms with electrons partially re- 
moved so that they are traveling in paths from which they 
can sink to more stable orbits with the radiation of light. 
This, of course, represents a loss of energy, and another 
loss occurs due to electrons and positive ions recombining. 
Also, the passage of current adds to the random veloci- 
ties of the vapor molecules, thus heating the gas. To 
overcome these losses there must be a potential gradient 
along the path of the current so that the electrons are 
continually accelerated. They can then give up the veloc- 
ity acquired in this manner by making collisions and 
thus replace the losses. The voltage gradient required 
to maintain the ionization in the arc stream depends on 
the nature of the vapor, the temperature and the cur- 
rent.” 


Anode Sheath 


Langmuir and Mott-Smith, Jr., explain the conditions 
at the anode as follows: ‘‘Since the anode does not emit 
positive ions, the anode current represents electrons 
collected from the ionized vapor. The electrons in the 
vicinity of the anode have already been seen to have a 
random motion in all directions, and a large number of 
them would hit it, even if it were at the potential of the 
surrounding space and had no electric field to attract 
or repel charged particles. In the same manner a much 
smaller number of positive ions would also strike it. 
If the current due to these two actions should be equal 
to that being conducted by the rectifier, there would be 
no anode drop. 

Since the product of random current density and anode 
area is less than the load current, there is an electric 
field around the anode tending to collect the electrons and 
repel the positive ions. This field forms a sheath around 
the anode of such a thickness that the outer surface of 
the sheath will have an area of sufficient size to collect 
the necessary electrons as they drift about with random 
motions.” 

Inside the sheath the electrons are accelerated and 
drawn toward the anode. On striking it they will give 
up their kinetic energy and also give up further energy 
when they enter the anode material, aided by the sur- 
face forces tending to retain them inside. This latter 
energy corresponds to that given to them when they 
escaped from the cathode. 
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The tremendous bombardment of the anode by elec- 
trons raises its temperature to extremely high values 
limited only by the boiling point of the anode material. 
In the welding arc, it will be noticed that the surface 
of the molten pool under the arc is generally considerably 
depressed. This is probably due not only to the bom- 
bardment of electrons but also to the tremendous gas 
pressure of the vaporized anode material. While the 
temperature of the surface of the anode material can 
never exceed its boiling point, due to the tremendous 
heat loss in forcing the current through the anode poten- 
tial gradient, we have an area of local heating just above 
the anode, wherein high temperatures and high vapor 
pressure exist. 


Energy Distribution 


It can be seen that the energy distribution in the arc 
must be the same as the voltage distribution. Thus, 
since the anode drop is approximately twice that of the 
cathode drop, there will be approximately twice as much 
energy dissipated just above the surface of the anode as 
that which is dissipated just above the surface of the 
cathode, and since the potential gradient in the arc 
stream itself is relatively low only a small portion of the 
total energy in the arc will be dissipated in this area. 
The temperature in each zone is not, however, propor- 
tional to energy dissipation, since it depends on radia- 
tion from other zones, thermal losses, the gas pressure 
and the boiling points of the electrode materials. Thus 
the temperature just above the anode will not necessa- 
rily be twice that of the cathode. Furthermore, the 
temperature distribution in the arc of a bare or lightly 
coated electrode will be less uniform than in the arc of 
a heavy coated electrode, since the sheathing effect of 
the heavy coating will reduce the thermal losses to the 
surrounding air and tend to confine the radiation so 
that a more uniform temperature is maintained through- 
out the arc. Oscillograph studies of both types of arc 
seem to confirm this, since with the bare or lightly coated 
electrode short circuits occur quite frequently indicating 
that the majority of the metal is transferred across the 
arc in the form of large globules of molten metal; whereas 
with the heavy coated electrode the short circuits occur 
much less frequently and in all probability the majority 
of the metal is transferred either in the form of a vapor 
or a finely divided mist. This would also indicate that 
the average temperature in the arc with the heavy coated 
electrode is somewhat higher than in the are with the 
bare or lightly coated electrode. 


Striking the Arc 


As has been shown the arc can be started by corona 
ionization or a jump spark if the voltage applied to the 
electrodes is high enough. This is the method of ioniza- 
tion by which the arc is started with the so-called cigar 
lighter or spark coil ignition systems used with many 
smaller transformer type welders. Ordinarily, however, 
the voltage of the welding generator or transformer is not 
sufficient to start the arc by corona or jump spark when 
the electrodes are cold. Thus the arc must be started 
by thermionic emission. Touching the electrode to the 
work short circuits the source of electrical energy. The 
resulting heavy current flowing through the high resis- 
tance contact between the electrode and the work rapidly 
brings the end of the electrode and the contact point on 
the work up to incandescence. These incandescent 
points on the end of the electrode and the work emit a 
large number of electrons, so that when the electrode is 
separated from the work, the gaseous medium is readily 
ionized. Since the electrons are negatively charged 
those emitted at the anode may aid the initial ionization 
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of a gaseous medium but they are drawn back into the 
anode, and after the arc is formed ionization of the gase- 
ous medium is provided almost entirely by emission from 
the hot cathode. 

Once the arc has been formed it is quite easily restarted 
after an interruption. This is due to the presence of 
hot residual gases between the electrodes. Steinmetz 
gave the curves shown in Fig. 5. In these curves the 
log of the voltage is plotted as ordinate against the tem- 
perature of the residual gases as abscissa. The upper 
curve shows how the voltage necessary for a spark to jump 
between the electrodes varies with temperature. The 
lower curve shows the total arc voltage at the different 
temperatures. Ifthe applied voltage falls below the lower 
curve, there will be no conduction. If it lies in the area 
below and to the left of the upper and above the lower 
curve rectification takes place. In other words, alter- 
nating current arcs cannot be held with a voltage in this 
range. 

It must be understood, of course, that we are referring 
to the peak voltage of the alternating current wave and 
not to the root mean square or effective voltage. If the 
voltage lies above the upper curve, alternating current 
arcs can be held and no rectification takes place, because 
a spark will jump between the electrodes at each inter- 
ruption of the arc and thus restart the arc. The figures 
Hg, Fes;O., C, etc., marked on each curve indicate the 
approximate boiling points of various electrode materi- 
als, and thus indicate what may be expected when these 
materials are used. These curves are plotted for an arc 
length of 13 millimeters which is a little greater than 
'/, inch. This is, of course, a considerably longer arc 
than is ever used for welding, except possibly long arc 
welding of copper. These curves have been replotted 
in Fig. 6 for an arc approximately '/s inch long. Since 
the voltage necessary for an electrostatic spark varies 
directly with the gap between the electrodes, the upper 
curve in Fig. 6 has been lowered to about '/, that of 
Fig.5. Thearce voltage as previously shown is not directly 
proportional to the are length, since the terminal volt- 
age remains practically constant. This curve, therefore, 
is not lowered as rapidly with are length as the one for 
the electrostatic spark. 

It must be understood that the curves in Fig. 6 are 
just approximately replotted. However, they clearly 
indicate that as the arc length is reduced the rectifying 
range is also considerably reduced. These curves apply 
only where the electrodes are both of the same material. 
Dissimilar electrodes will have a considerable effect on 
the rectifying qualities of the arc. For instance, if 
an are is struck between a carbon electrode and a steel 
plate with alternating current, partial rectification takes 
place as shown on the oscillograph, Fig. 7. 


Volt-Ampere Characteristic 


The volt-ampere curve of an are of constant arc 
length if plotted according to the formula would appear 
as shown in Fig. 8. There is, of course, a different curve 
for each arc length as shown in dotted lines. It will be 
noted that the arc has what might be termed ‘“‘a nega- 
tive resistance characteristic.’’ In other words, the 
voltage reduces as the current is increased seemingly con- 
trary to Ohm’s law. This apparent deviation from 
Ohm’s law could probably be explained when we con- 
sider that the arc is a gaseous conductor and that an in- 
crease in current requires an increase in electron flow, 
so that the cross section of the conductor increases with 
the current; whereas Ohm's law is stated for a conductor 
of uniform cross section. If the cross section area of the 
are stream increased in direct proportion to the current, 
the voltage would remain constant. Apparently, the 
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cross section of the arc stream increases more rapidly 
than the current, so that the voltage decreases with in- 
crease in current. 

Since most of the voltage across the arc is practically 
independent of the current and that portion which is in- 
fluenced by the current varies inversely with a fractional 
exponential power of the current, the volt-ampere curve 
becomes practically flat at current values within the 
welding range. Conditions in the arc have little or no 
effect on the current and, obviously, it is not restricted, 
while the voltage is directly controlled by conditions in 
the arc. This indicates that a constant current source 
will produce the greatest arc stability and is thus the most 
desirable. Such a source restricts the current and places 
the least restriction on the voltage so that it can readily 
follow variations in the arc. Since the anode and cath- 
ode drops are independent of the are length and the total 
arc voltage, the energy dissipation at the electrodes and 
the rate of fusion appear to vary almost directly with 
the current and seem to be practically independent of 
the total energy in the arc. We cannot, however, neglect 
the fact that radiation from the are stream will have 
some effect on the energy at the surface of electrodes and 
therefore the total energy in the arc does have some 
slight influence on the fusion rate. For manual opera- 
tion, it is desirable to have the fusion rate increase as 
the arc is shortened. Thus an absolutely constant cur- 
rent source is not desirable because the total energy is 
so greatly reduced as the arc is shortened that there is 
no increase in the fusion rate. If the slope of the volt- 
ampere curve of the source is such that the short circuit 
current is 10 to 25% greater than the welding current 
an increase in the fusion rate is assured. A constant 
energy source has been frequently advocated for weld- 
ing, but since the fusion rate is only slightly effected by 
the total energy there is no advantage in maintaining 
the total energy constant. 


Transient Conditions 

The various materials present in the welding arc vary 
widely in their ability to emit the electrons, in the tem 
perature at which emission begins and also in their 
ionizing potential gradients. Generally speaking the 
higher the material is in the electrochemical series, the 
greater the emission; and the greater its chemical ac 
tivity, the easier it is to ionize. The chemistry of the 
arc is not, however, within the scope of this paper. Suf- 
fice it to say that chemical disturbances and variations 
in the composition of the gaseous medium cause rapid 
changes in the resistance of the arc. Further distur- 
bances are caused by the transfer of metal across the arc. 
These demand extremely rapid voltage response from 
the energy source. 

Moderate current variations have little effect on the 
arc conduction but heavy current surges may cause 
thermal disturbances and have other undesirable effects, 
such as, causing the electrode to stick to the work when 
striking the arc. It has been stated that current surges 
increase the fusion rate and the penetration. This may 
be but these surges are generally of such short duration 
that they can have little effect on the electrode or the 
work. It is more likely that their energy is dissipated 
in the are stream thus increasing the thermal losses and 
superheating the metal in transit across the arc. This 
superheating of the metal in the arc causes porosity; 
also, the surges may even explode the globules of metal 
which short circuit the are and increase the splatter 
If these current surges are kept to a positive minimum, 
the average current value can be raised without danger 
of superheating the weld metal, and thus increases the 
fusion rate and the welding speed. 
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Thus the transient characteristics of the energy source 
should be such that the voltage is rapidly responsive to 
changes in the arc and that a high degree of current uni- 
formity is maintained. 

This would seem to indicate a highly reactive circuit 
but a reactive kick alone cannot be depended upon for 
ignition voltage as the are will again go out if the sub- 
sequent voltage dip is below the value required to main- 
tain ionization. The circuit voltage must have no tran- 
sient dip below the are voltage. High open circuit volt- 
age is not essential. Unless it is the maximum circuit 
voltage, it need be only high enough to establish short 
circuit current. 

It would seem that time of voltage recovery is ex- 
tremely important. However, if the time of recovery is 
measured by opening a short circuit to a constant resis- 
tance load, it will give little indication of the actual arc 
performance, probably because the arc resistance never 
stays constant. Figures 9 and 10 are oscillograms taken 
while welding. The same electrodes, current and arc 
voltage are used in each case, but the generators are dif- 
ferent. Both generators limited the current surges to a 
positive minimum and had high current uniformity coef- 
ficient, but their times of recovery from short circuit to 
a constant resistance load are quite different. In spite 
of this difference in recovery there is practically no 
difference in arc stability or current uniformity while 
welding. (K. L. Hansen suggested the current uni- 
formity coefficient to which we refer and defined it as the 
quotient of the normal welding current divided by the 
sum of the normal welding current plus the current varia- 
tion maximum to minimum.) It would appear that 
the slope of the initial voltage rise after opening short 
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circuit and the value of the subsequent dip are the im- 
portant factors and not the total time required to re- 
establish uniform conditions. 

Figures 11 and 12 are also oscillograms taken while 
welding with all conditions the same except the genera- 
tors. In this case, however, the generators varied widely 
in their current uniformity factors. It can be seen from 
these oscillograms that the machine with the highest 
current uniformity factor produced the best conditions 
in the arc, not only was the current more uniform but the 
short circuits as indicated on the voltage trace are of 
shorter duration and occur with much greater regularity. 


Conclusions 


It would appear that conduction is dependent upon 
the voltage and is little effected by the current; while 
fusion is dependent upon the current and little effected 
by the voltage; and the temperature is controlled by the 
boiling points of electrode materials but may also be 
increased by current surges. 
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Methods of Minimizing Distortion 
Light Gage Steel 


By J. H. BLAHA, 


Butt-Welded Food Liner 


HIS topic deals with some of the methods used to 
T minimize distortion in 20- and 22-gage steels. To 

illustrate the principles involved, I have chosen an 
article which we produce. This is a butt-welded food 
liner which is porcelained and used inside of electric 
refrigerators. It is made of 20-gage steel with top and 
bottom welded to the sides and back butted and welded. 
(See Fig 

Note the smoothness of the weld which is very essential 
for porcelain and also the discoloration showing the 
distance the heat has traveled on either side of the butt 
joint. The weld as we see it here has not been touched 
up by grinding, but is left just as it comes from the welder. 
A butt weld m thin sheet metal is probably the hardest 
kind of weld to make, since the inside and outside must 
line up evenly. Therefore, the parts must be uniform 
in size and the welding jigs made to properly hold the 
work, in order to obtain satisfactory results. 
= Presented at the 15th Fall Meeting of the American WELDING Society, 
Chicago, Illinois, October 2, 1945 

t General Housebold Utilities Company 


CHIEF ENGINEER? 


Making the Butt Welds 

In Fig. 2 we see parts of food liner set up in the weld- 
ing jig, closely held together and the joints flush on the 
inside and outside, ready for the welder to begin opera- 
tion. The welder must have a steady hand to make this 
type of butt weld as he is not permitted to use any weld- 
ing rod. This would cause high spots, which would 
necessitate grinding. 

Grinding of welds is quite objectionable for work which 
must be porcelained, because by grinding, pinholes ap- 
pear which cannot be covered with porcelain. Pickling 
acid remains in them and bubbles out through the ground 
coat finish. Another objectionable feature is burnt metal 
which becomes porous when put through pickling acid 
causing pinholes to appear. Scale, caused by weld- 
ing, especially when heavy, is hard to remove in the 
pickling bath, and the welder is cautioned to see that he 
keeps his torch properly adjusted to eliminate it as much 
as possible. 

The welder also must keep the proper angle of flame 
against the metal (see Fig. 2) in order not to burn holes 
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is apt to cause burning through the light steel. A slight 
swirling motion is maintained on the torch to keep the 
molten puddle of metal crossing over the butt joint, 
thus fusing the two parts together, and leaving a smooth 
surface on the inside of the weld as was shown in Fig. 1. 
Since work which has to be porcelained requires a pure 
iron with a carbon content 0.02 to 0.04 per cent maximum. 
no welding rod which contains appreciable carbon can be 


Fig. 1—Butt Welded Food Liner for Refrigerators 


Fig. 2—Food Liner'Being Welded While Held in Jig 


MINIMIZING DISTORTION 


through it. The slightest hesitation on his part likewise - 
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Fig. 3—Welding Jig for Food Liner with Butt Welds 


used. We therefore shear '/;-inch wide strips from the 
same material of which the parts are made and use these 
strips instead, but only on corners where a small portion 
must be fused in to fill the gap. This gap is due to the 
springing back of the metal on the tops and bottoms 
when the heat from the torch relieves the strains in the 
metal which are set up in the part in the drawing opera 
tions in the pressroom. ; 


Requirements for Welders 

We have found that the average experienced welder, 
who may be an expert on welding of heavier gage steels, 
finds himself at first lost, when he comes to welding light 
gage steels. In about 75 per cent of the cases, we have 
been compelled to take these new men and put them 
through our welding school for a period of from two to 
three weeks, so that they could adapt themselves to the 
welding of light gage steel, before putting them on our 
production work. 

In this course we keep a trained man, who follows these 
welders, instructing them how to adjust their torches, 
the size tip and gas pressure to use, the angle and distance 
the flame must be in relation to the work, the swirling 
motion they must attain to produce a perfect butt weld, 
how to keep the molten puddle flowing across the joint 
and all the other little points which they should watch 
out for. Nevertheless, in some cases, it has been found 
impossible to adapt these experienced welders to the 
welding of light gage steel. 

A good welder is practically 50 per cent of the battle 
toward turning out a good product. He either turns out 
a good job or he turns out a job with a weld having 
excess metal, which must be ground down to the thick 
ness of the metal itself. He also may burn the metal 
and leave a lot of pinholes, which are hard to fix, or he 
may make a badly distorted weld, which may cause the 
whole food liner to be scrapped, as a distorted weld 
shows up very badly through porcelain. 
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Welding Jig for Butt Weld 


However, in any case, the welder must have the proper 
jig to hold the work, so that he can make a good job 
and that is the other 50 per cent of the battle. Con- 
siderable can be said about welding jigs because if 
they are not properly designed, the results necessarily 
will be poor. Since light gage steels cannot withstand 
the intensive heat produced by the torch flame without 
warping, it is apparent that this heat must be taken away 
from the joint in some manner. Otherwise the sheets will 
be badly distorted and look like the waves and ripples of 
the ocean. Therefore, the welding jig must be made 
heavy in order to conduct away this excessive heat, as 
rapidly as possible, and not allow it to travel through the 
light gage steel. 

In Fig. 3, we see the type of butt welding jig which 
we are using. Note the massive bulk of cast iron it is 
made up of. These jigs are made of seasoned cast iron, 
to prevent them from warping. The top with the cam 
action is used for bringing the part down firmly against 
the expanding blocks and also to contact and tension 
the liner top against the back and sides to be welded. 
The side clamps here are used to hold the back and sides 
in place and have surface contact to take away the ex- 
cessive heat traveling down the thin sides and back. A 
cam screw draws the clamps together, bringing the back 
and sides in contact with the expanding blocks below. 

When the parts are set and the welding jig locked, the 
parts line up at the joints and do not overlap. They are 
then ready for the welder to begin the welding operation, 
starting at the extreme right-hand end, facing the jig, 
and coming around to the opposite end with as few stops 
as is possible. The ‘‘V’’ groove or slot which is located 
midway between the butt joint (see Fig. 4) is approxi- 
mately */; inch across. This is kept as narrow as possible, 
so that the parts come in contact with the cast-iron blocks 
to take away the heat as quickly as possible. 

Note the */,-inch slot directly in the center of the “V”’ 
groove. This */,»-inch slot extends back approximately 
1'/s inches and at its back there are '/s-inch holes drilled 
vertically on 1'/s-inch centers along the 3 sides where 
the welding is done. This */,.-inch slot and '/2-inch holes 
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Fig. 5—Square Corner Welded Food Liner for Refrigerators 


~ 


Fig. 6—Food Liner with Square Comers Held in Welding Jig 


permit the excess gases to escape instead of burning up 
in the “V’’ groove and causing oxidation and burning 
of the metal, and at the same time help to keep the jig 
from heating up too much. 

There is approximately a */,-inch space between the 
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Fig. 7—Welding Jig for Food Liner with Square Corner Welds 


top clamp and side clamps when the jig is closed leaving 
space for the torch flame. These clamps, both side and 
top, are made heavy also in order to absorb the excess 
heat and protect the part from the direct flame of the 
torch. 

For heavy work which is to be welded, usually the jigs 
can be made much lighter as the metal will absorb the 
heat and it is not necessary to depend on the jig. But 
it is very important that the correct type of jig is de- 
signed for light gage steel welding, that the parts fit and 
contact, and that the jig is heavy enough to absorb the 
excessive heat, if distortion in production work is to be 
minimized. 

Periodically these welding jigs must be checked to see 
if there are any warped parts, and any of the lighter parts 
which may have become warped must be replaced to 
retain the good quality of work produced. It may seem 
that I am stressing a little too strenuously on the problem 
of welding jigs, but in the experience I have had with the 
welding of light gage steel, I can only say that it is a very 
important one and cannot be overlooked, especially on 
production work where 500 to 1000 food liners have to 
be made daily. 


Square Corner Welded Food Liner 


In Fig. 5 we see a square corner welded food liner, which 
is used more than the butt-welded type I have just de- 
scribed. Welders prefer this type because it is much easier 
to make, and they can weld it in 25 to 30 per cent less 
time than the butt-welded food liner. This type of food 
liner has approximately */;:-inch radius on inside corners 
and is made by having the flat top piece extend '/3. inch 
beyond the back and sides. This '/s-inch overhang of 
metal serves as filler metal and the operator has not very 
much trouble in fusing it to make the joint. At all times 
he has an even amount of metal, which results in a very 
uniform weld. No grinding is necessary on this type of 
food liner and there is practically no distortion 
around weld. 


Welding of Square Corner 


In Fig. 6 we see the top clamp of the welding jig and 
side clamps holding the parts firmly as in the jig shown 
previously. The side clamps are close to the point of the 
weld ready to take away the excessive heat, to prevent 
the sides and back from becoming distorted. In welding, 
the operator again starts at the farthest right-hand cor- 
ner, facing the jig and welds around to the other end with 
as few stops as is possible. 


MINIMIZING DISTORTION 
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It will be readily seen that the butt type weld, as 
shown previously, is more subject to distortion because 
of the fact that there is nothing to brace the two edges 
of metal. In the square corner weld the flat top is rest- 
ing on the edges of the back and sides under tension, and 
the torch flame is played on the top edge at about a 45- 
degree angle thus fusing the '/-inch overhang of the 
tip, down to the sides. When there is a slight distortion 
in this square corner food liner, it is usually on the top 
edges. This is ordinarily due to the welder not keeping 
the right angle on his flame. 


Welding Jig for Square Corner Weld 

In Fig. 7 we see again the heavy cast-iron construction 
used for welding jig for corner weld which is similar to 
that used for butt-welding. A */,s-inch right-angle groove 
is provided around the top, instead of the “V’’ groove, 
and the gases are vented through holes running vertically. 
(See Fig. 8.) Otherwise the construction is much the 
same as the previously mentioned jig. The top clamp 
works on a cam and the side and back clamps hinge, with 
a cam screw to draw the part tight against the inside 
expanding blocks. 


Water Cooled Welding Jigs 

The welding jigs I have been speaking of are all natu- 
rally cooled by the surrounding air. However, there are 
also water cooled welding jigs used for certain types of 
work which produce very fine results. Work from a water 
cooled jig results in a smooth and even weld, free from 
distortion and excess metal. The construction of water 
cooled jigs is much the same as naturally cooled jigs 
except that they have water circulating through the cast- 
iron blocks which reduces the heat and keeps the jigs 
cool. 

It is quite a problem to get the correct welding jigs 
for light gage steel such as 20 and 22 gage and it usually 
is profitable in the long run to have such jigs designed 
and made by some reliable tool company which is experi- 
enced in making jigs for oxyacetylene welding work. 


Porcelain Firing 


It may be interesting to note that after every precau- 
tion and care has been taken to prevent distortion dur- 
ing welding, these food liners in some cases are put 
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through a porcelain firing furnace of ordinary box type 
where the first coat or ground coat, as it is commonly 
called in the porcelain industry, is fired at 1250° F. 
Following this, the food liner is again put through the 
furnace and the first coat of white fired at a temperature 
of 1250 to 1400° F. When a second coat of white is re- 
quired, it is put through again at 1250 to 1400° F. 
These food liners when in the furnaces under these 
heats are apt to become badly distorted, especially if a 
box type furnace is used, since they are brought out 
directly into the room temperature. Many rejects are 
caused by this severe shock to both the porcelain and 


November 


steel. On the other hand, when they are fired in a con- 
tinuous type of porcelain furnace the temperature is 
brought up gradually, until they reach the firing chamber, 
and after leaving the firing chamber the temperature is 
again brought down gradually. Such a procedure has 
no ill effects on the food liners when they emerge into the 
room temperature. 

So it can readily be seen that a food liner receives very 
severe tests in manufacturing and must still be free from 
distortion. We have often wondered how it is at all 
possible to get the results we do with the light gage steels 
we are using—but we do! 


CURRENT WELDING 
LITERATURE 


Boiler Manufacture. Industrial High-Pressure Boiler with 
Welded Drums. Steam Engr. (July 1935), vol. 4, no. 10, pp. 
430-432. Details of boiler claimed to be first welded high-pressure 
boiler in England, taken from notes prepared by R. Marchand, 
chief engineer at works of W. J. Bush & Co., London. 

Boiler Manufacture. Welding of Boiler Drums and Other 
Pressure Vessels, C. H. Davey. Steam Engr. (July 1935), vol. 
4, no. 10, pp. 435-487. Arguments in favor of introduction of 
welded drums in Great Britain. Part of Symposium on Welding 
of Iron and Steel before Iron and Steel Institute. 

Brazing—With the Electric Arc, M. C. Smith. Am. Mach. 
(Aug. 28, 1935), vol. 79, no. 18, pp. 614-616. Coated copper 
electrode, originally designed for welding cast iron, has demon- 
strated certain advantages in steel and non-ferrous metals, es- 
pecially for thin sheets. 

Brazing. Metals Are Brazed in Controlled Atmosphere Electric 
Furnaces, H. M. Webber. Steel (Aug. 12, 1935), vol. 97, no. 7, 
pp. 30-33; (Aug. 26), no. 9, pp. 36-38 and 50. 

Cars, Freight. Pullman Welded Box Car Built Without Added 
Cost. Ry. Mech. Engr. (July 1935), vol. 109, no. 7, pp. 322-325. 
50-Ton light-weight car constructed of Cor-Ten steel; length 
over coupler pulling faces, 44 ft. 64/, in.; height 10'%/,,. in.; body 
weighs 20,240 Ib. and trucks 13,960 lb; extensive use of welding 
in construction involves estimated 22% arc welding, 54% spot 
welding and 23% riveting, based on length of seam. 

Concrete Reinforcement. Show Value of Welded Wire Fabric 
as Slab Reinforcement, T. D. Mylrea. Concrete (July 1935), 
vol, 43, no. 7, pp. 10-11. 

Domes. Design of Dome Structures, R. McC. Beanfield. 
Eng. News-Rec. (Aug. 1, 1935), vol. 115, no. 5, p. 163. Discussion 
by J. E. Kalinka of paper previously indexed from issue of May 9, 
1935. 

Electric Welding, Arc. Arc Welding by Metallic Electrode 
Process, H. Thomasson. Can. Engr. (Dec. 18, 1934), vol. 67, 
no. 25, pp. 9-11. 

Electric Welding, Arc. Arc Welding of High Carbon and Alloy 
Steels, T. N. Armstrong. Am. Soc. Metals—Advance Paper no. 
4, mtg. Sept. 30—Oct. 4, 1935. Heat-affected zone; hardness of 
weld; structure in affected zone; effect of preheating on impact 
values; effect of welding on bending properties. Bibliography. 

Electric Welding, Arc. Some Reminiscences of War-Time 
Development of Electric Welding, H. M. Hobart. Gen. Elec. 
Rev. (Aug. 1935), vol. 38, no. 8, pp. 358-361. Historical outline 
of developments. 


Electric Welding Machines. A.C. Arc-Welding Equipments, 
T. A. Long. English Elec. J. (July/Aug. 1935), vol. 7, no. 6, 
pp. 154-164. Discussion of progress made during recent year 
and special attention is paid to equipment manufactured by 
English Electric Co.; theoretical analysis and diagrams. 

Electric Welding Machines. A.C. Welding Equipment. Engi- 
neer (Aug. 2, 1935), vol. 160, no. 4151, p. 122. 

Gears and Gearing. Controlling Heat Effects in Welding. 
Mech. World (Aug. 2, 1935), vol. 98, no. 2535, p. 101. Account 
of two jobs involving bronze welding of heavy gears; in each case 
several fractures in various parts of each gear were bronze-welded 
without preheating; in each case work was completed with gears 
in perfect alignment. 

Motorships. Largest All-Welded Ship. Brit. Motor Ship 
(Aug. 1935), vol. 16, no. 186, pp. 184-186; see also Shipbldr. & 
Mar. Engine-Bldr. (Aug. 1935), vol. 42, no. 307, pp. 495-498. 
Built at Wallsend shipyard of Swan, Hunter and Wigham Richard- 
son; length 259 ft; breadth molded 43 ft. 10 in.; depth molded 
22 ft; propelled by two M A N single-acting, 2-stroke, airless- 
injection, trunk-piston, direct-reversible engine with cyl. diam. 
of 300 mm. and stroke of 4200 mm.; running at 353 r.p.m. 

Pipe, Steel. Developments in Manufacture of Pipes. Com- 
monwealth Engr. (Nov. 1, 1934), vol. 22, no. 4, pp. 110—112. 
Development of Ferguson spiral welded pipe manufacture in 
Australia; results of deflection and discharge tests. 

Roof Trusses. Welded Construction, C. Helsby. Structural 
Engr. (June 1935), vol. 13, no. 6, pp. 286-289. Discussion of 
paper previously indexed from issue of Mar. 1935. 

Shipbuilding. Electric Arc Welding in Shipbuilding, E. H. 
Lockhead. Elec. Welding (Aug. 1935), vol. 4, no. 24, pp. 220-224. 

Ship Design. New Welded Steel Bulkhead System for Oil 
Tankers and Other Fluid Storage Vessels. Log (Aug. 1935), vol. 
25, no. 5, pp. 14-17. New type, developed by Lukens Steel Co. 
Similar descriptions previously indexed from Pac. Mar. Rev., 
July 1935, and Mar. Eng. & Shipg. Age, July 1935. 

Structural Steel. Arc Welding for Multiple Storey Steel Frame 
Structures, A. R. Moon. Structural Engr. (June 1935), vol. 13, 
no. 6, pp. 267-276. Arc welding of structures with beams freely 
supported; stanchion caps and bases; beam connections; beam 
brackets; plated beams and stanchions; structures with rigid 
joints; design of rigid joints; before Instn. Structural Engrs. 

Welding. Method of Forming Corners of Angle-iron Frame- 
works, E. O. Willoughby. Elec. Welding (Aug. 1935), vol. 4, 
no. 24, pp. 203-204. 

Welding. Works Organization for Welded Production, G. A. 
Mozley. Elec. Welding (Apr. 1935), vol. 4, no. 22, pp. 139-144; 
no. 24 (Aug.), pp. 225-227. Practical hints on plant organization 
discussed under heads; planned production; scientific design; 
functions of planning department; electric welding equipment; 
layout of welding shop; protection of cables; crams and other 
fittings; economic and supervision of welding shop. 


PAMPHLETS 


Wilson Welding Electrodes, their metallic composition, physical 
properties, applications, general description and welding procedure 
form the basis of an extremely interesting catalog issued by the 
Wilson Welder & Metals Company, P. O. Box 96, North Bergen, 
N. J. 
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WELDING SOCIETY ACTIVITIES 
AND RELATED EVENTS 


SOCIETY NEWS 


Each month this column will contain a brief description of some important phase of 
Society News 


CODES 


The AMERICAN WELDING Society is 
recognized as the authoritative spokes- 
man in this country in the matter of 
welding codes. In many instances these 
codes are issued in the name of the AMERI- 
CAN WELDING Society and are known as 
AMERICAN WELDING Society Codes on 
Welding. In other instances it has ap- 
peared to the Board of Directors and Fxecu- 
tive Committee advisable to cooperate with 
other engineering societies and legislative 
bodies in the issuance of codes relating to 
welding. In such instances, it has not 
always been advisable for the Society to 
claim undue credit in connection with 
these codes. 

However, in all cases the aim of the 
Society has been to promote the knowledge 
of welding and extend its applications with 
safety and at the same time prevent 
unjust restrictions being placed on the use 
of welding. 

The first code issued by the American 
Society of Mechanical Engineers for pres- 
sure vessels included some very restrictive 
measures against welding. The Society 
through its research department carried 
out an exhaustive series of tests which 
furnished authentic data to back up the 
Society in its demands for a more lenient 
code which would be fair to welding. 

These demands led to the appointment 
of suitable joint committees which through 
research work and deliberations have 
resulted in the providing of a new code 
which permits the use of welding under 
desirable safety requirements for any 
pressure or size. 

As a matter of fact, in this particular 
instance the Society was able to take ad- 
vantage of the national standing of the 
A. S. M. E. Boiler Code. In many states 
these rules become laws without further 
action, and in other instances they are 
accepted after due deliberation. The 
welding industry through the AMERICAN 
WELDING SOCIETY, in cooperation with the 
American Society of Mechanical Engi- 
neers, has enabled the extension of the 
use of welding under proper safeguards for 
boilers and pressure vessels. 

Industry as a whole has profited through 
these arrangements. For example, some 
chemical and process industries depend for 
their satisfactory operation upon high 
pressures usually accompanied with high 
heats. This requires large vessels of great 
thickness of material—special steels where 
fabrication without the use of welding 
would have been impossible or at great 
expense. 

These rules form the basis of other codes 


as, for example, the joint A. P.I.-A.S. M.E. 
Pressure Vessel Code and the Code for 
Marine Boilers. 

In the structural welding field the 
Society has taken the initiative and has 
issued a building code which has been 
adopted by over 150 cities and munici- 
palities. The values have been used in 
the design and erection of several hundred 
important welded structures. 

In many cities the members of the 
Society, local sections and special com- 
mittees have been active in urging the 
adoption of this code as part of the 
municipal building codes. Wherever nec- 
essary, testimonial evidence has been 
presented, in some instances, test results, 
and in still others, continuous consultation 
with members of local municipal commit- 
tees and boards. 

Codes in general are not permanent 
unchangeable documents. In welding, 
particularly, advancement is fairly rapid. 
It is necessary to keep these codes up to 
date and constantly revised. For ex- 
ample, the next revision of the building 
code will undoubtedly take into account 
the newer developments in modern covered 
electrodes and special gas welding wires, 
which will enable the raising of permissible 
unit stresses when certain qualification 
requirements are met. In the same way, 
the Society maintains an active Conference 
Committee with the A. S. M. E. Boiler 
Code Committee to interpret, revise and 
enlarge upon existing rules and regulations. 

Other codes include Pressure Piping, 
Code for Fusion Welding and Gas Cutting 
in Machinery Construction, Marine Con- 
struction, Storage Tanks, Sprinkling Sys- 
tems and Procedure for Welding of Tanks 
Which Have Contained Combustible 
Liquids or Gases. 

In addition to these, there are a number 
of codes in preparation as, for example, 
railroad rolling stock and appurtenances 
thereto, hydraulic piping, oil storage tanks, 
qualification of welding operators, welding 
of railroad and highway bridges. 


RESEARCH 


Research has always played an im- 
portant part in the activities of the 
AMERICAN WELDING Society. Originally, 
this work was done by the American 
Bureau of Welding, a board functioning 
under the joint auspices of the AMERICAN 
WELDING Society and the National 
Research Council. In this way, probably 
more research work was done in the weld- 
ing field than by any corresponding similar 
technical organization. 

The list of published reports, several 


hundred in number, is published, from 
time to time, in the various Year Books of 
the AMERICAN WELDING Society. They 
have formed the basis for the continued 
advancement of welding in all branches 
These reports have been accepted through- 
out the world as authoritative source of 
information free from commercial bias 
A short time ago the National Research 
Council, owing to drastic reductions of 
income, regretfully found it necessary to 
withdraw from the joint sponsorship of 
the Bureau. The AMERICAN WELDING 
Society took over the work of the Bureau 
under the title of Bureau of Welding Re- 
search. 

It has sought, however, to maintain the 
close cooperation existing with other lead- 
ing technical and scientific bodies. The 
Bureau of Welding Research has repre- 
sentation, in addition to the A. W. S., 
from the following bodies: 


American Bureau of Shipping 

The Electrochemical Society 

American Institute of Electrical Engi- 
neers 

American Institute of Mining & Metal- 
lurgical Engineers 

American Institute of Steel Construction 

American Physical Society 

American Society for Metals 

American Transit Association 

Association of American Railways 

American Society of Civil Engineers 

American Society of Mechanical Engi- 
neers 

American 
Engineers 

American Society for Testing Materials 

Bureau Veritas 

Engineering Foundation 

Lloyd's Register of Shipping 

National Research Council 

Society of Automotive Engineers 

U.S. Army 

U. S. Navy 

Federal Board of Vocational Education 

Bureau of Navigation & Steamboat 
Inspection, U. S. 
Commerce 

Bureau of Standards, U. S. Department 
of Commerce 

Bureau of Surety & Casualty Under- 
writers 

Bureau of Public Roads, U. S. Dept. 
of Agriculture 

National Board of Fire Underwriters 


Society of Refrigerating 


Department of 


At the present time the Bureau has two 
important committees—the Fundamental 
Research Committee and the Structural 
Steel Welding Committee. 

The Fundamental Research Committee 
under the chairmanship of Mr. H. M 
Hobart has some sixty investigations 
under way in the various universities of 
this country. Each year their reports 
form the outstanding papers presented at 
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the Fall Meeting of the Society. Aside 
from the direct returns which accrue to 
the welding industry from this research 
work, largely of a volunteer nature and 
conducted at little or no cost to the 
industry, there is the indirect promotional 
return. This promotional return prob- 
ably is of even greater importance than 
the direct return mentioned above. In 
this way some sixty universities become 
thoroughly familiar with the advance in 
welding as do their best and most ag- 
gressive students. Accomplishments com- 
parable to these, if attempted on a 
deliberate basis, would cost many thou- 
sands of dollars and would probably not 
be as effective. 

Recently, the A. W. S. with the co- 
operation of the American Institute of 
Electrical Engineers has succeeded in 
interesting Engineering Foundation to 
make a contribution of five thousand 
dollars to initiate a comprehensive program 
of research and the review of the world’s 
welding literature. Efforts in this direc- 
tion will be described in greater detail in 
subsequent issues of the JOURNAL. 


Obituary 


The Society has learned with a great 
deal of regret of the death of Professor 
H. Dustin, an authority on welding. 
Professor Dustin’s work is quite familiar 
to many Americans. His death consti- 
tutes a great loss to Belgium science and 
to welding. 


SECTION ACTIVITIES 


BOSTON 


The November meeting of the Section 
will be held on Friday, the 22nd, starting 
in the afternoon with a visitation, and 
continuing with evening session. The 
program is as follows: 


2:30 P.M.—-Inspection of the Readeville 
Car Shops of the New 
Haven Railroad, at Reade- 
ville. 


7:30 P.M.—Evening Session 

Room 4-270, Massachusetts 
Institute of Technology, 
Cambridge. 

Subject: ‘Railroad Welding 
Problems.”’ 

Speaker: Mr. O'Neill, 
Readeville Shops, N. H. 
Railroad. 


CHICAGO 


The October meeting of the Chicago 
Section was held on the 25th. Mr. J. F. 
Risdon, Refinery Engineer, Texas Cor- 
poration, Lockport, Ill, spoke on ‘‘The 
Development of Refinery Equipment 
through the Aid of Welded Construc- 
tion.”’ 

“The Fundamentals of Metallurgy as 
Applied to Welding,’’ was presented by 
Jules Muller, Consulting Engineer, Chi- 
cago Steel & Wire Co. As the first talk 
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in this series of lectures Mr. Muller out- 
lined the course, which will run throughout 
the fall and winter season. 


MARYLAND 


A meeting was called at the Engineers 
Club on Sept. 20th to nominate members 
of the Executive Committee of this Sec- 
tion, and for the adoption of the By-Laws. 

Dr. John W. Miller presented By-Laws 
as discussed and drawn up at the previous 
meeting, and same were adopted without 
change. 

Motion was adopted that 9 members 
constitute the Executive Committee for 
the first year, and two new members be 
elected each succeeding year, the final 
body to be composed of six members. 

The following were nominated to serve 
on the Executive Committee: 


Messrs. H. N. Zink—Term 1 year 
Wm. Patterson—Term 1 year 
C. N. Hilbinger—Term 1 year 
C. H. Michel—Term 2 years 
C. H. Adams—Term 2 years 
Dr. J. W. Miller—Term 2 years 
Leon C. Bibber—Term 3 years 
Bela M. Ronay—-Term 3 years 
Roy A. Mansfield—Term 3 
years 


Motion was adopted that election of 
Executive Committee be made by letter 
ballot. 

A joint meeting of the A. S. M. E. and 
A. W. S. local sections was held at the 
Engineers Club, October 28th. 

Dr. J. C. Hodge of the Babcock & Wil- 
cox Company, spoke before about 150 
members and guests, on ““The Basic Re- 
quirements for Making Good Welds.” 
He presented a very comprehensive cross 
section of welding. 

The next meeting of the Maryland Sec- 
tion is scheduled for Friday, November 
22nd, at which Mr. Stewart of the U. S 
Naval Engineering Experiment Station 
will speak on ‘“‘What Do Weld Tests 
Prove?” 


NEW YORK 


The November meeting will be held on 
the 26th at 8 P.M. in the Engineering 
Societies Building. The subject will be 
“Structural Welding in Relation to Build- 
ing Codes.” 

This meeting has for its purpose an ex- 
pression, by various interests, of their 
views regarding the relationship of struc- 
tural welding to building codes. 

Short expressions of these views will be 
given by building officials, consulting 
structural engineers, steel fabricating 
engineers, erectors and inspecting engi- 
neers 

The December meeting will be held on 
the 17th in the Engineering Societies 
Building. Subject: “Stainless Steel and 
Aviation.’’ Through the courtesy of the 
Republic Steel Corporation a new four- 
reel sound moving picture on the Manu- 
facture of Stainless Steel will be shown. 


PHILADELPHIA 


The Special Evening Lecture Course on 
Welding for the 1935-36 Season under the 


November 


auspices of the A. W. S. Philadelphia 
Section is outlined below. 


“Five Steps to Good Welding”’ 
Wednesday, Nov. 6, 1935 
“Qualifying and Check Testing the 
Welders’”—Harry W. Pierce, Welding 
Supervisor, New York Shipbuilding 

Corp. 


Wednesday, Dec. 4, 1935 
“Selection and Inspection of the Ma- 
terial”—T. Holland Nelson, Consulting 
Engineer and Metallurgist. 


Wednesday, Dec. 11, 1935 


“Design, Layout and Preparation for 
Welding’’—Gilbert D. Fish, Consulting 
Engineer. 


Wednesday, Jan. 8, 1936 
“Organization and Welding Technique’— 
Everett Chapman, Vice-President in 
Charge of Engineering, Lukenweld, Inc. 


Wednesday, Feb. 5, 1936 
“Inspection and Tests of the Finished 
Product’’—Norman L. Mochel, West- 
inghouse Electric and Manufacturing 
Company. 


Details of the Course 


There will be no charge for members 
of the AMERICAN WELDING SOCIETY. 
Non-members may register for a fee of 
$10.00. 


PITTSBURGH 


The first Fall Meeting of the Pittsburgh 
Section was held Wednesday evening, 
October 16th, in the East Room of the 
Roosevelt Hotel. Forty-seven members 
and guests were present. 

The following program was presented by 
speakers from the Aluminum Company of 
America: 

“The Characteristics of Aluminum Al- 
loys’ and ‘‘The Design of Welded Alumi- 
num Structures’’—C. F. Nagel, M.E., 
Aluminum Company of America. 

“The Requirements for Electric Re- 
sistance Welding Equipment for Joining 
Aluminum’’—D. I. Bohn, Electrical En- 
gineer, Aluminum Company of America. 

“Metallic Arc and Torch Welding the 
Aluminum Alloys’—G. O. Hoglund, 
Welding Engineer, Aluminum Company 
of America. 

Following the talks by the speakers 
general discussions of each subject brought 
out interesting information for those 
present. 

Slides and chalk talks were used by the 
speakers and in addition a large number 
of welded assembly specimens were on 
display. 


SAN FRANCISCO 


The regular monthly meeting of the 
San Francisco Section was held Friday, 
October 25th, at 7:30 P.M., in the Russ 
Building. 

In addition to the regular business meet- 
ing, a four huridred-foot moving picture 
film on the subject of ‘‘Metal Spraying” 
was shown through the courtesy of the 
Victor Welding Equipment Company. 
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WELDING NEWS 


The Editor respectfully requests items of information to include in this department 


Paramount Welding Supply Company 


Mr. C. L. Perkins, Secretary of Detroit 
Section of AMERICAN WELDING SOCIETY 
and Mr. P. E. O’Connor have formed the 
above company in Detroit and will act as 
direct representatives for S. M. S. Corp., 
C. H. Dockson Company and the Fron- 
tier Bronze Company of Niagara Falls, 
MN. ¥. 


Japanese Journal of Metals 


A special number of Kinzoku, The Jour- 
nal of Metals, written in English, will be 
issued January 1936 by the A. G. N. E. 
Institute of Technology, Okamoto, near 
Kobe, Japan, in order to indicate the 
development of metal industries in Japan. 
Among other things, the first issue will 
include the following contents: 


R. Maeda—Kawaguchi—A Unique Lo- 
cality of Iron Foundry in Japan. 

J. A. Rabbit—Japan’s Advance in Ap- 
plied Metallurgy. 

K. Takahashi—Non-ferrous Metals and 
Alloys in Japan. 

S. Okamura, K. Fujii, E. Itami, K. 
Tawara, D. Saito, K. Honda—unde- 
cided. 

Subscription rate of this special number 

is 1 yen. 


New Laboratory at Trinity 


The new five hundred thousand dollar 
chemistry laboratory at Trinity College is 
the first building in Hartford to have its 
steel frame welded instead of riveted. As 
an example of the savings there is cited one 
girder, which riveted would have weighed 
14 tons, but designed for welding weighed 
only 10 tons. The new building is two 
stories high with a two-story tower above 
it and a basement and sub-basement be- 
low. The Craftsmen Welders, Inc., of 
Brooklyn were the welding contractors and 
Mr. Gilbert D. Fish, consulting engineer. 


Welded Pipe Lines 


The following arc welded pipe lines have 
been completed or are in process of con- 
struction by H. C. Price, Inc., of Bartles- 
ville, Okla. 

1. Eighteen miles of 6-inch, 10-inch, 12- 
inch and 16-inch line pipe for the Phillips 
Petroleum Company in Moore County, 
Texas. J. R. Stewart Construction Com- 
pany of Oklahoma City are the general 
contractors. Construction on this job has 
already started. 

2. Twenty-two miles of 24-inch gas 
line for the Phillips Petroleum Company 
near Sanford, Texas. Lemons & Bradley, 
Inc., of Tulsa, Oklahoma, were the general 
contractors on this project. 


3. Sixty-five miles of 12-inch and fifty- 
six miles of 10-inch line in Wyoming and 
Nebraska for the North Central Gas Com- 
pany. Williams Brothers, Inc., of Tulsa, 
Oklahoma, are the general contractors. 

4. Forty-five miles of 22-inch gas line 
for the Pacific Gas & Electric Company. 
This line runs from Milpitas to San Fran- 
cisco. Youdall Construction Company of 
San Francisco are the general contractors. 

5. One hundred and eighty miles of 
8-inch gasoline line from Harrisburg to 
Pittsburgh, Pennsylvania, for the Key- 
stone Pipe Line Company. The Marathon 
Construction Company are the general 
contractors. 

6. Eighty-eight miles of 10-inch oil line 
for the General Pipe Line Company from 
Lebec to Torrance, California. The weld- 
ing was completed in sixty-five working 
days, using three gangs. Seamless pipe 
with double bell joint and back-up ring 
was used. Macco Robertson and Lang 
Transportation Company were the general 
contractors. 

7. Twenty-eight miles of 8-inch oil line 
for the Stanolind Pipe Line Company in 
the vicinity of Ada, Oklahoma. Lemons 
& Bradley, Inc., are the general con- 
tractors. 


Pipe Cutting Machine 


Pipe welding is an accepted practice. In 
many types of pipe jobs, it is preferred to 
any other method of making connections. 
Great stress is laid on the correct prepara- 
tion of pipe for welding, so that the welder 
can do an acceptable job. It is impos- 
sible to do a pipe welding job that will pass 
rigid inspection without proper prepara- 
tion for the weld. In part, this prepara- 
tion usually consists of cutting off and 
beveling the end of the pipe and cutting 
and beveling the size and shape hole in the 
side of the pipe, so that when the two 
pieces are brought together they make a 
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snug intersection which can be properly 
welded. 

This new Oster-Williams cutting machine 
duplicates in design any pattern which is 
required to do practically any kind of 
pipe welding job without using any cams, 
templates or special fixtures, and the fin- 
ished surface has the appearance of a lathe 
tool cut. 

The cutting torch is accurately guided 
by an ingenious mechanism which is un- 
canny in its ability to duplicate the motion 
of a torch held in the operator’s hand. It 
will cut any size of pipe from 2'/, to 12 
inches, making full size tees or reducing 
tees 90 degrees, branch reducing tees 45 
degrees to 90 degrees, elbow, miters, Y's 
and blunt bull plugs, as well as hole cutting. 


Polish Postal Savings Bank in Warsaw 


The welded frame structures of the 
Postal Savings Bank in Warsaw (Poland), 
executed by the Perun Company in 1930- 
1932, were the first of this size (680-ton) 
all welded building frames in Europe 
Both methods, arc and acetylene welding, 
were applied successfully 

Owing to the variety of details the con- 
struction is of scientific value. The Perun 
Company of Warsaw with the Company 
Air Liquide of Paris have published an 
album, fully illustrating these construc- 
tions (132 figs.) and containing besides 
their description a chapter on the design 
and calculation of the welded frame build 
ing structures completed by many ex- 
amples of welded connections (88 figs.) 
written by Dr. Ing. Stefan Bryla, Professor 
of the Polytechnical School in Warsaw 

This album can be of great assistance to 
every one concerned with welded struc- 
tures. 


The Repair of Damaged Cast-lron 
Machinery 


This profusely illustrated booklet has 
just been released by The Linde Air Prod- 
ucts Company, 30 East 42nd Street, New 
York. It is a consolidation and orderly 
arrangement of the known facts regarding 
the repair of damaged cast-iron machinery 
by the oxyacetylene process. The booklet 
discusses the applications for which the re- 
spective processes of bronze-welding and 
fusion welding are best suited. How the 
composition, the physical properties and 
the intended use of the casting respe 
tively influence heat control methods and 
the choice of welding procedure are con- 
sidered. 

Neither shape nor size, according to the 
booklet, places any limitation on the use of 
the oxyacetylene process for the repair of 
gray iron, malleable iron or alloy castings 
Bronze-welding, because it is done at a 
lower temperature, is said as a rule to be 
more economical and efficient than the 
fusion welding of cast iron. Special cases 
where this rule does not apply and where 
fusion welding is preferred are mentioned 

Those whose activities involve the use or 
repair of cast-iron machinery will find it 
well worth their while to obtain a copy of 
this eight-page illustrated booklet. It will 
be sent free of charge on request. 
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“I'm A telephone installer and I like to be 
busy. A good many people are calling up 
these days and saying they would like to 
have a telephone put in. 

“Often they will make an appointment 
and it’s my job to be there on the dot. The 
company is a stickler for that. More than 
97% of the appointments made with sub- 
scribers are now met at the exact time 
requested. We're trying to do even better 
than that. 

“Seems to me it’s something worth 
while putting in a telephone. People 
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always seem happier when I tell them they 
are connected and everything is O.K. 
Especially if they have been without the 
telephone for a little while. Most every- 
body says the same thing—‘We missed it.’ 

“Well, I hope it keeps up. It means a 
lot to have a telephone in the house and 
it means a lot to us fellows who work for 
the telephone company.” 


The Bell System employs a total of 270,000 men 
and women. They are your friends and neigh- 
bors. Good business for the telephone company 
is a sign of prosperity in the country. 


Our Advertisers Are Supporting the Society 
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